Introduction
During the course of our study of the use of arynes in preparing biologically important N/S heterocycles, 1 we have developed a facile two-step process for preparing heterocycles that contain two or more ring heteroatoms (generally N and S and/or Se). The first step involves the synthesis of acyclic dienes possessing two heteroatoms (e.g., thiaazadienes and selenazadienes) or the synthesis of dienes that are part of or attached to a heterocylic ring (e.g., substituted benzylidene derivatives of thiazine-3-thiones). The second step involves a [4+2] cycloaddition reaction between those heterocyclic dienes with arynes and occasionally with dimethyl acetylenedicarboxylate [DMAD] . A brief summary of the results of this research is shown in Scheme 1. Thus, as shown in Scheme 1, 2,3-didehydronaphthalenes react with thiaazadienes and selenazadienes (eq. 1) to give 4H-naphtho [2,3- 
Scheme 1
We next turned our attention to studying dienes in which one of the double bonds of the diene was part of or attached to a heterocyclic ring. Dienes that were part of a five-membered heterocycle were first studied. As shown in Scheme 2, substituted benzylidene derivatives of benzo[b]thiophene-2-ones failed to react with arynes (eq. 4) and DMAD (eq. 5). However, by replacing the O and S of the ring and thiocarbonyl group with S and NH, respectively, the resulting benzo[b]pyrrole-2-thiones reacted with arynes and DMAD, albeit at higher temperatures than those given in Scheme 1, to give benzothiopyrano [2,3-b] indoles (43-56%) (eq. 6) and the 2,5-dihydro-9-substituted thiopyrano [2,3-b] indole-2,3-dicarboxylic acid dimethyl esters (21-78%) (eq. 7). 
DMAD

Scheme 2
We next sought heterocyclic dienes that would deliver a 1,4-benzoxazine or 1,4-benzothiazine moiety via [4+2] cycloaddition reactions with arynes and DMAD. This basic ring structure is found in several molecules that exhibit a wide range of biological activity. As shown in Scheme 3, the 1,4-benzoxazine-3-(4H)-ones and 1,4-benzothiazin-3-(4H)-ones did not react with arynes (eq. 8) and DMAD (eq. 9). However, 1,4-benzothiazin-3-(4H)-thiones, which possess a thio-carbonyl group, did react with DMAD (eq. 10) to give thiopyrano [3,2-b] benzoxazine-2,3-dicarboxylic acid dimethyl esters in 69-81% yields. 8 However, they did not react with benzyne even at high temperatures (eq.11). 
Results and Discussion
As shown in Scheme 4, the 2-hetarylmethylene 4a-c and substituted 2-benzylidine-4H-benzo [1, 4] thiazine-3-thiones 4d-h were prepared by the reaction of 4H-benzo [1, 4] thiazine-3-thione 2 with the appropriate aldehyde (3). 4H-Benzo [1, 4] thiazine-3-thione 2 was prepared from 4H-benzo [1, 4] -thiazine-3-one 1 by the reaction with P 2 S 5 in presence of NaHCO 3 . All of the products were solids and thus were recrystallized from ethyl acetate-hexane mixtures. The yields of 4a-h, which are listed in Table 1 , ranged from 80-95%. None of the (E)-4 diasteromers was detected.
Scheme 4
As shown in Scheme 4, the thiazine-3-thiones 4 may exist as Z and E diastereomers. The Z-diastereomers are thermodynamically more stable that the E-diastereoisomers 9 and in several previous studies it was assumed that 2-hetarylmethylene-and arylmethylene-4H-benzo [1, 4] thiazine-3-thiones with undetermined stereochemistry were probably Z-diasteromers. 10, 11 The unstable E-diastereomers can be prepared by irradiation of the Z-form with sunlight 12 or UV/VIS light. 10, 12, 13 However, upon removal of the irradiation, the Z-diastereomers reformed. We confirmed the Z configuration in two ways. First, the structure of 4b was confirmed by X-Ray crystallography. An ORTEP drawing of 4b is shown in Figure 1 . To our knowledge this is the first x-ray study reported on thiones of this type. Furthermore, the NMR data of our compounds 4a-h have the vinyl proton with chemical shifts in the range of 8.36-8.49 ppm. This range is slightly higher than that reported for 3-oxo analogs (~8.0-8.30) ppm but significantly higher for those reported for E-diasteromers (~7.34 ppm). The thiazine-3-thiones 4a-h were then treated with several dienophiles. Of the non-aryne dienophiles studied, the reaction of DMAD give the best yields (77-88%) of dimethyl-4-aryl-4,10-dihydrothiopyrano[3,2-b]benzothiazine-2,3-dicarboxylates (5a-h) when treated with 4 in refluxing MeCN for 6 h (see Scheme 5 and Table 1 ). Interestingly, when 4 was treated with nonarynic dienophiles such as acrolein and acrylonitrile, complex mixtures of inextractible tars were obtained. 
Scheme 5
We next explored the [4+2] cycloaddition reaction of 4 with arynes. We first generated arynes from aryliodonium triflates and trimethylsilyltriflates in the presence of 4. Unfortunately, these reactions did not yield Diels-Alder adducts, but gave a complex mixture of products none of which was the desired heterocycle. However, as shown in Scheme 6, 4,5-dimethoxyanthranilic acid (6) was converted to 4,5-dimethoxybenzyne (7) by the method of Hart 16 which involves the addition of a benzene solution of isoamyl nitrite to a refluxing benzene solution of 6. Aryne (7) was subsequently trapped by 4a-h to give the desired products 8a-h in yields (listed in Table 1 ) in the range of 56-88%. The structures of 8a-h were determined by 1 H NMR, 13 C NMR, and elemental analysis. That the 3-thiones 4 underwent [4+2] cycloaddition reactions indicates that they, like 1,4-benzothiazin-3-(4H)-thiones which also was found previously to react with arynes, 7 are behaving as α,β−unsaturated moieties.
In summary, we have developed a new method for the synthesis of benzothiopyrano [3,2-b] [1, 4] benzothiazines by the [4+2] cycloaddition of hetarylmethylene and substituted benzylidenes derivatives of 4H-benzo [1, 4] thiazine-3-thiones with arynes and DMAD. The convenient synthesis provides ready access to polynuclear S/N-heterocycles which contain the basic ring structure found in molecules that exhibits, for example, antihypertensive drugs, 17 calcium antagonists, 18 and highly potent inhibitors of LDL oxidation. Experimental Section General Procedures. Melting points were taken on a Mel-Temp capillary apparatus and are uncorrected with respect to stem correction. 1 H and 13 C NMR spectra were recorded on a 400
MHz Bruker ADVANCE DRX-400 Multinuclear NMR spectrometer. Chemical shifts are reported in reference to TMS as internal standard. Elemental analysis were obtained from SMU Analytical Service Laboratories. All chemicals were purchased from Fisher Scientific. (2) . To a well-stirred solution of 4H-benzo- [1, 4] thiazine-3-one (1) (5 g, 33.1mmol) in 50 mL of dry THF was added P 2 S 5 (14.7 g, 33.1 mmol), and the resulting mixture was stirred at rt for 45 min. After NaHCO 3 (9.2 g, 109.5 mmol) was added in three portions, the mixture was stirred an additional 3h at rt during which time a precipitate formed. The precipitate was collected by vacuum filtration and the mother liquor was concentrated to dryness. The resulting residue was treated with 100 mL of ice water, extracted with CHCl 3 (3 X 60 mL), and purified by column chromatography on SiO 2 using ethyl acetate-hexane as eluent to give 3-thione (2) 
Synthesis of 4H-benzo[1,4]thiazine-3-thione
General procedure for the [4+2]Diels-Alder reaction yielding compounds (5a-h).
To a wellstirred solution of compound (4) (0.7 mmol) in dry MeCN (5 mL) contained in a round-bottom flask fitted with a reflux condenser under argon atmosphere, was added a solution of dimethyl acetylenedicarboxylate (0.56 g, 3.8 mmol) in MeCN (1 mL) via a needle syringe system. The mixture was heated to reflux for 6 h and then cooled. The solvent was removed under reduced pressure, and the resulting residue was purified by column chromatography using silica gel and ethyl acetate-hexane (1:4, v/v) as eluent. The physical and spectral properties of 6a-h are given below. General procedure for benzyne reactions yielding products (8a-h). A well stirred solution containing 4a (0.52 g, 0.18 mmol) and a one drop of trichloroacetic acid in dry benzene (10 mL) was heated under reflux in a three-neck flask fitted with a reflux condenser and two addition funnels under argon atmosphere. At this point the dropwise addition of solutions of 4,5-dimethoxyanthranilic acid (1.4 g, 6.9 mmol) and isoamyl nitrite (0.96 g, 6.9 mmol) in dry benzene (5 mL) from the addition funnel was started. The addition was stopped when the starting materials were no longer detected in the reaction mixture by TLC (~1.5 h). The resulting solution was cooled to rt and evaporated to dryness. The residue was dissolved in CH 2 Cl 2 , washed with 5% HCl solution, 5% NaOH, and water and dried over Na 2 SO 4 . Evaporation of the solvent under reduced pressure afforded the crude product which was purified by column chromatography using SiO 2 with ethyl acetate-hexane (1:4), v/v] as eluent. The physical and spectral data are given below for compounds (8a-h). 
